To compare the graft success rates and audiological outcomes of bilaterally performed type 1 tympanoplasty using cartilage palisades or temporal fascia in children.
INTRODUCTION
Pediatric tympanoplasty is one of the most commonly performed procedures by surgeons; different success rates have been reported, ranging between 35% and 94% [1] . Eustachian tube dysfunction can worsen the condition of the operated ear during the postoperative period. This known but unproven fact has encouraged surgeons to use cartilage material in tympanoplasty procedures, especially for bilateral cases. Cartilage material has strong mechanical endurance and resistance to infection under negative pressure changes inside the middle ear [1] [2] [3] [4] . Some surgeons have reported superior results using cartilage grafting in patients with bilateral chronic otitis media, which is an indicator of poor eustachian tube function [3, 4] . Several studies have been conducted to determine the cutoff age for performing tympanoplasty in children; however, this subject is still highly debated [5] [6] [7] . Some authors wait until the patient reaches a certain age before performing the procedure, but other authors believe that delaying surgery may cause irreversible complications and adversely affect the restoration of middle ear function [5] [6] [7] .
The palisade cartilage technique (PCT) was first described by Heermann and later became very popular, especially in Europe, for closing tympanic membrane perforations [8, 9] . However, there are limited studies comparing the PCT and the commonly used temporal fascia (TF) techniques for bilateral perforations in children. The present study aimed to evaluate the graft success rates and hearing results after bilateral type 1 tympanoplasty using cartilage palisades or temporal fascia in children with bilateral tympanic membrane perforations.
MATERIALS and METHODS
We retrospectively analyzed the medical records of patients who underwent type 1 tympanoplasty at our clinic between May 2007 and February 2013. We included the results of bilaterally operated ears in this study. The study was approved by the ethics committee of our institution and conducted in accordance with the ethical principles stated in the Declaration of Helsinki. Written informed consent was obtained from patients or patients' parents who participated in this study.
We excluded patients who were over the age of 15 and below the age of 6 at the time of the surgery, patients with cholesteatomatous ears, and patients with a previous history of otologic surgery. 27 patients (54 ears) were enrolled in the study: 15 (30 ears) in the palisade cartilage group and 12 (24 ears) in the fascia group. We collected the data of graft success rates, preoperative and postoperative air bone gaps (ABG), and air conduction thresholds (ACT) of the patients from the Medin integrated medical software system (Medin Software, 4T Inc., İstanbul, Turkey).
All of the procedures were performed under general anesthesia. The postauricular approach was favored in all patients. The procedures were performed by the same surgeon (TG). The procedure was randomly selected by the surgeon. Contralateral ears were operated upon using the same technique one month after the first operation. The cartilage graft was harvested from the tragus in cases where PCT was used. Cartilage grafts were prepared to protect the perichondrium on two sides of the cartilage. The cartilage graft was cut in an oblique manner with a no.15 blade, and cartilage palisades were prepared to close all of the perforations parallel to the manubrium mallei from the superior to the inferior direction. The temporalis muscle fascia was placed in an underlay fashion in all of the fascia patients. If the perforation persisted, secondary surgeries were performed with the same technique at least three months after the first operation.
The bilateral graft success rate and hearing improvement results were evaluated in this study. The graft success rate was evaluated as full healing of the grafted material, without any retraction or perforation, for six months postoperatively. All of the patients were followed up for at least one year following surgery.
Audiometric tests were performed on each patient every three months for the first postoperative year. Pre-and postoperative ABG and ACT were evaluated to define the hearing gain after the operation.
For the descriptive statistics, the values of frequency, percentage, average (mean), standard deviation (SD), median (median), minimum (min), and maximum (max) were presented. To analyze the relationship between categorical variables, Fisher's exact test was used. The Shapiro-Wilk test was used to verify the suitability of the normal distribution of data before analyzing the differences between the measurements. The significance of differences between two independent groups was analyzed by Mann-Whitney U test. For the preoperative and postoperative data measurements, the difference was analyzed with the Wilcoxon signed-rank test for abnormal distribution; for normal distribution, if appropriate, the paired samples t-test was used. p-values less than 0.05 were considered statistically significant. Analysis was performed with the Statistical Package for the Social Sciences 22.0 software package (IBM Corp.; Armonk, NY, USA).
RESULTS
The mean ± SD age was 11.63 ± 2.28 years (range, 7-15 years) ( Table 1) . The mean ± SD follow-up period was 23.2 ± 12.8 months in the fascia group and 21.9 ± 9.2 months in the cartilage group. Postoperative ABG values decreased for the fascia group, and this decrease was statistically significant (p<0.001) ( Table 1) . Postoperative ABG values decreased for the cartilage group, and this decrease was statistically significant (p<0.001) ( Table 2 ). Postoperative ACT values decreased for the fascia group, and this decrease was statistically significant (p<0.001) ( Table 1) . Postoperative ACT levels decreased for the cartilage group, and this decrease was statistically significant (p<0.001) ( Table 2 ). The graft success rate for the fascia group was 79.2%, and that for the cartilage group was 96.7%. The difference was statistically insignificant (p=0.078) ( Table 3) . One failure was observed in the cartilage group, and four failures were observed after contralateral ear surgery.
DISCUSSION
PCT is a technique that is used for conditions such as subtotal perforations, tympanosclerosis, adhesive otitis, and revision surgery; the outcomes for these conditions may be unsatisfactory if the temporal fascia technique is used. Cartilage strips were named palisades by Heermann et al. [9] . Some other authors still prefer to use the term "strips" [9] . Many reconstructive materials have been used for tympanoplasty; however, the use of autogenous materials became popular at the end of the 19 th century. Since its introduction by Storrs [10] , temporalis muscle fascia is still the first choice for many surgeons all around the world. Many studies have shown better graft acceptance rates using the PCT technique than using the TF technique [9, 11, 12] .
There has been some speculation about the hearing results of the PCT technique; however, studies have shown that there is no significant difference in the hearing results [11, 12] . [11] [12] [13] . Gerber et al. [11] compared the hearing results of the TF and PCT techniques; they found no significant difference between the two techniques. Kazikdas et al. [12] showed that the PCT technique had a significantly greater graft success rate.
In this study, we assessed patients older than 6 years and younger than 15 years with bilateral chronic otitis media. Bilateral disorder is a poor prognostic factor for tympanoplasty results. Chandrasekhar et al. [6] , Koch et al. [5] , and Gianoli et al. [7] reported that the condition of the contralateral ear has no effect on healing rates after tympanoplasty. However, other studies showed that a diseased contralateral ear may be a negative prognostic factor for tympanoplasty patients [14, 15] . Kessler et al. [14] , in their study, observed a greater rate of tympanoplasty failure in patients with an abnormal contralateral ear. There are no studies in the literature comparing bilaterally performed pediatric tympanoplasties using the PCT and TF techniques. Our study shows that the bilaterally performed PCT technique has approximately similar postoperative results to the TF technique in terms of graft success rate, and the audiological outcomes are statistically insignificant.
New surgical methods should be carefully considered for children because they are an especially vulnerable population. It is believed that tympanoplasty failure in children is more common than in adults. Factors that may contribute to this failure include young age, status of the contralateral ear, perforation size, and potency of the Eustachian tube [5] [6] [7] . In the literature, there is a consensus that a functioning Eustachian tube in pediatric patients is important for graft success [15] . It has also been shown that bilateral perforations in children are associated with a higher risk of failure [16] . However, some surgeons perform early surgery on children [17] , while others recommend delaying surgery [18] . Surgeons who defend early surgery speculate that delaying surgery can cause complications, leading to hearing loss [19] . Delaying surgery may also increase the potential risk of cholesteatoma formation and ossicular chain erosion in the future. Vrabec et al. [19] , in their meta-analysis, showed superior success rates with advancing age in pediatric type I tympanoplasty. However, age was not a prognostic factor in studies conducted by Yung [20] and Merenda et al. [21] we prefer early surgery for pediatric patients; in our opinion, delaying surgery may cause further complications.
Uzun et al. [2] reported complete success of surgery in children with tensa cholesteatoma using the PCT technique, whereas the closure rate was 84.2% for the fascia group. Our study also correlates with the study of Uzun I by demonstrating that the overall hearing gain after cartilage tympanoplasty with the PT technique is comparable to the hearing gain after fascia grafting. Our study includes only cholesteatoma-free ears and ears with an intact ossicular chain. Hearing results may be altered not only by cartilage grafting but also by cholesteatoma and ossicular chain reconstruction. In both groups in this study, the patients had similar perforation sizes and represent homogenous groups; therefore, we could clearly define the results of the surgeries.
There are also some disadvantages of using cartilage palisades for tympanoplasty. Cosmetic problems can be observed postoperatively. A cartilage strip of at least 2 mm should be left to prevent tragal deformity [13, 14] . Investigation of the middle ear status by tympanometry is not useful after cartilage tympanoplasty due to the effects of stiffness on tympanic membrane compliance [13, 14] . Observation of the middle ear is difficult after PCT due to the opaque appearance of cartilage palisades [13, 14] . Ventilation tube insertion may also be difficult after cartilage tympanoplasty [13] . Zahnert et al. [22] reported that to achieve better hearing results, the ideal thickness of palisades should be about 0.5 mm instead of the full thickness of 0.7-1 mm. However, in 2009 and 2010, Aarnisalo et al. [23] used laser and stroboscopic holography to study the thickness of the cartilage and the connection of the cartilage with the bone annulus; they discovered that palisades have no effect on the transmission of sound vibration. We also recommend using full-thickness palisades of tragal cartilage in PCT to obtain a higher graft success rate.
Based on the findings of the present study, we believe that the status of the opposite ear may indicate the presence of ongoing bilateral Eustachian tube dysfunction, which may lower the success rate of tympanoplasty surgery. We found that surgical failures mostly occurred after contralateral ear surgery; therefore, we postulate that it may not be necessary to perform tympanoplasty on one ear first and wait to see the outcome before considering contralateral tympanoplasty. We found that the use of TF grafting has similar outcomes to PCT grafting in terms of both success rate and audiological values for children with bilateral disease.
